An atomic group model of the disordered binary alloy NixCu 1−x (x=0.4) was constructed to investigate surface segregation. According to the model, the electronic structure of the NixCu 1−x alloy surface was calculated by the Recursion method when glycine atoms are adsorbed on the NixCu 1−x (110) surface under the condition of 0.33 coverage. The calculation results indicate that Cu is segregated on the surface of the NixCu 1−x alloy, and the chemisorption of glycine restrains the segregation. In addition, the chemical adsorption of glycine greatly changes the density of states of the alloy surface near the Fermi level, and there is electric charge transfer between the alloy surface and the glycine.
I. INTRODUCTION
With recent advances in experimental surface-science techniques [1] , there is a growing interest in the study of the surface composition of binary alloys [2] [3] [4] . Experimental evidence has shown that, in general, the surface composition of a binary alloy is different from its bulk composition [5] . A theoretical understanding of this surface segregation phenomenon is not only of academic interest, but is also important in many technical applications such as catalysis, corrosion, and chemisorption [6] [7] [8] [9] [10] . In particular, a new topic of study is the mutual influence of chemisorption and surface segregation [11, 12] . Several years ago, Sulston et al. studied hydrogen chemisorption on Ni-Cu and Au-Pt alloys [13] , in which the phenomenon of surface segregation is incorporated into the model of an A-B alloy, in the simplest way, by confining it to the surface layer. They obtained the following conclusion: the surface concentration may be modified by chemisorption. Recently, in studying oxygen atom chemisorption on Rh-Pt alloy [14] , the authors obtained the same conclusion. Therefore, the surface segregation influences the chemisorption of adsorbent, which in turn influences the process of surface segregation; there is strong coupling between chemisorption and surface segregation [15] .
Compared with pure metals, which are important catalysts in the chemistry industry, alloys are more important catalysts [16, 17] . Not only have alloy catalysts been widely used in commercial and industrial areas for the substantial improvement in catalyst efficiency, being greater than pure metal catalysts, but also alloys are potentially promising for the fundamental research of chemisorption and catalysis [18, 19] . It has been widely suggested that the d electrons of transition metals play * Author to whom correspondence should be addressed. E-mail: huizhangking@sina.com an important role in determining catalytic properties of metal surfaces [20] [21] [22] and experiments have shown that transition metal alloys like Cu-Ni alloys exhibit catalytic behavior with interesting technical applications [23, 24] , so the Ni-Cu alloy substrate was chosen in this research.
The interactions of simple atomic adsorbents and small molecules adsorbents with metal and alloy substrates have been extensively studied [25] [26] [27] [28] [29] [30] [31] . However, few studies of the interactions between organic molecules, such as simple carboxylic and amino acids, and metal surfaces have been conducted, and there has been nearly no work done about alloys, especially in the surface segregation area. Recently, there has been very considerable progress in our knowledge of the local bonding geometry area [32] [33] [34] [35] [36] [37] . One reason for that is the fact that the molecules are of biological interest, and the other reason is that understanding the characterization of the model systems is potentially relevant to understanding aspects of heterogeneous catalysis. In this work, attention is turned to the adsorption of the organic macromolecules on Ni-Cu alloy surface, and investigation of the influence of the adsorption on the surface segregation. The investigation was started with glycine (NH 2 CH 2 COOH) adsorbate, which is the smallest amino acid in the human body and one of the simplest organic macromolecules. The authors believe this study can assist in the interpretation of more complex systems and lead to some further studies in design of alloys for various catalysts.
A detailed theoretical understanding of the effects of chemisorption on surface segregation would require an electronic theory. So far, only a few electronic theories have been used to determine surface segregation for a few noble and transition metal alloys, and an extension of such theories to segregation at the surface of transition metal alloys with chemisorbed species is difficult. The absence of transitional symmetry is the main obstacle in the construction of a quantitative theory comparable in accuracy and efficiency with those for crys-talline solids. The electronic structure and properties of transition metal alloys are believed to be governed mainly by the relatively localized d electrons. Hence it has been customary to use semi-empirical tight-banding Hamiltonians to describe their electronic properties, but sometimes this method is not self-contained, so on the basis of the tight-banding approximation, the Recursion method is adopted in this work.
II. MODEL AND METHODOLOGY
A. Model of the (110) surface of the Ni-Cu alloy before and after chemisorption When Cu is segregated on the surface of Ni-Cu alloy [15] with coverage θ=0.33
• and bulk concentration X b =0.4, most Cu atoms are on the alloy surface, so the structure of glycine adsorbed on the transitional metal Cu is adsorbed here. According to the experimental results of Hasselström [36] , Booth [33] and others, we can see that glycine adsorption is accompanied by the loss of acidic hydrogen atom, turns to the form of anionic NH 2 CH 2 COO−, and is thought to bond symmetrically to the surface through the two O atoms of the carboxyl group and one N atom. As well, the anionic glycine • . The adsorption structure can be seen in Fig.1 .
The substrate atomic structure model of the disordered binary alloy (DBA) Ni x Cu 1−x was constructed under two conditions: whether the surface segregation exists or not. The method of constructing the model and the model parameters is described as follows:
(i) Create a crystal cell of face-centered cubic with crystal lattice constant a=0.4a Ni +0.6a Cu (with crystal lattice constant of Ni: a Ni =0.35 nm and crystal lattice constant of Cu: a Cu =0.36 nm) and an atomic group including 216 cells 559 atoms can be obtained by transferring the unit cell.
(ii) Using the stochastic distribution computer program, make Ni and Cu occupy grids at random and ensure 40%Ni and 60%Cu. So far, an atomic structure model of Ni 0.4 Cu 0.6 is set up without considering the surface segregation and surface relaxation.
(iii) In order to consider the segregation of Cu in the surface layers, start with the atomic group model from step (i) and take out the atoms in the first layer (the value of X or Z is |0.633|-|0.760| nm and the value of Y is |0.895|-|1.074| nm), and redistribute the Ni and Cu atoms by applying a stochastic distribution program. Making use of the results of references [15] , the concentration of Ni in the first layer X s1 =0.036 can be set. So construct the atomic model of the first layer and save the result in a file. In a similar way, construct the atomic model of the second and third layer by setting their concentrations to X s2 =0.309 and X s3 =0.382, then save the results of the three layers in a same file. After constructing the atomic models of the surface layers, make the Ni atoms in the bulk occupy the grids at the concentration of Ni X b =0.4 at random, and then unify the results of the three layers and the bulk inside. This method yields the atomic group model with surface segregation.
(iv) After the chemisorption of glycine, the substrate atomic group model of Ni-Cu alloy can be obtained by using the stochastic distribution computer program as before. The system model of the NH 2 CH 2 COO−/NiCu can be obtained by adding the atomic coordinates of NH 2 CH 2 COO− to the alloy surface.
Using the stochastic distribution computer program, two surface models are constructed: the first model is constructed for the case in which original surface segregation is considered; the second one is constructed for the case in which chemisorption-induced surface segregation is considered. Figure 2 shows the atomic structure models before and after adsorbing NH 2 CH 2 COO−, Figure 2(a) shows the multilayer projection of the model in the Z direction before adsorbing NH 2 CH 2 COO−, Figure 2(b) shows the monolayer projection of the model in the Z direction after adsorbing NH 2 CH 2 COO−.
B. Theoretical method
The Recursion method [38] was adopted here, since this method is adaptable to discuss the electronic structure of non-integral systems such as those containing particle lacunae, dislocations, and stacking faults [39] , as well as non-periodic systems such as amorphous crystal, quasi-crystal, surface, and interface [40, 41] . The basic idea of the method [42, 43] is to set up Hamiltonian matrix based on the tight-binding approximation and then do a unitary transformation. The Hamilto- nian matrix is three diagonal after the transformation. The Local Green function in real space can be written as:
Then the density of states of lattice can be calculated from the imaginary part of the early state Green function, namely:
Eq.(2) can be calculated for any grid. The total density of states (TDOS) is the sum of the density of states of every grid, and the local density of states (LDOS) is the density of states of grid in the place of alloy elements. In this work, the interactions of 559 atoms are all considered in the process of setting up the Hamilton by the Recursion method. The diagonal formula of the Hamiltonian matrix in Eq. (1) is the orbital self-energy, which is derived from the calculated results of Fischer by the Hartree-Fock approximation. Because the orbits of isolated atoms were chosen as basal function, the orbital self-energy is the orbital energy of isolated atoms. According to the Recursion method and the tightbinding approximation, the structural energy at some site i can be defined as:
The Fermi level of the system can be given as:
here N stands for the total valence electron number of all the isolated atoms in the structure. In the closed stack solid, the total energy of the system U can be given by the sum of U i :
In this work, the atoms in a cube near the adsorbed molecule were selected as the study object. The total energy, the Fermi level, the electron number of the orbit, and the environmental sensitive inlaid energy were calculated to discuss the chemisorption quality of glycine and the influence on the surface segregation.
III. RESULTS AND DISCUSSION

A. Environment sensitive inlaid energy
In order to discuss the segregation on Ni-Cu alloy surface and the influence of glycine chemisorption on the surface segregation, the environment sensitive inlaid energy (E ses ) of Ni and Cu elements was calculated for the cases with glycine chemisorption and without glycine chemisorption. E ses is the energy of alloy elements in different typical atomic environments, it can be used to compare the relative stability of elements in different environments, and then discuss the surface segregation circumstances of elements. As for the elements of disordered binary alloy, the environment sensitive inlaid energy [44] of the atoms in the surface layers can be expressed as:
here m is the total number of atoms calculated, E i and E cl are, respectively, the total structural energy under the conditions when some atoms (e.g. Cu) enrichment on the alloy surface is taken into consideration and when not. n is the number of some atoms in one condition subtracted from the number of this atom in the other condition. E i f and E f are the free energy of the two types of atoms respectively.
In this work, the E ses of Cu and Ni were calculated in four conditions: the surface layers without adsorption; the surface layers with glycine adsorption, but the influence of chemisorption on surface segregation is not considered; the surface layers with glycine adsorption supposing that the adsorption restrains the segregation of Cu; the surface layers with glycine adsorption supposing that the adsorption causes Ni to segregate in the surface layers.
It can be seen from Table I that in the case of no adsorption, the E ses of Cu is negative, Ni is positive, and there is an obvious difference between them, which means that the Ni x Cu 1−x alloy possesses an enriched Cu concentration in the surface layers. In the case of chemisorption, when supposing the chemisorption has no effect on segregation, the E ses of Cu is still negative and Ni is still positive but the difference between them is smaller, which indicates that the chemisorption of glycine may restrain the segregation of Cu. When supposing the chemisorption restrains the segregation of Cu but Cu is still enriched in the surface layers, we can see that the E ses of Cu is still less than Ni, though with a smaller difference, leading to the conclusion that Cu is segregated on the surface. When supposing the chemisorption causes the segregation of Ni, the E ses of Ni is bigger than that of Cu, therefore, the assumption is false. From all the above, we can conclude that Cu is segregated on the Ni x Cu 1−x alloy surface, and the chemisorption of glycine restrains the segregation of Cu.
B. Density of states
In order to compare conveniently, the total density of states (TDOS) and the local density of states (LDOS) of individual atoms before and after chemisorption were calculated. Figure 3(A) shows the TDOS of Ni x Cu 1−x alloy surface before and after chemisorption. From Fig.3(A) we can see that the TDOS of the alloy surface changes greatly near the Fermi level, in particular the TDOS curve changes from a double-peak structure to a gentle one, this is due to the strong coupling between the alloy surface and the glycine, and the electron transfer between them. From Fig.3 (B) and (C) we can see that the LDOS curves of Ni and Cu atoms have double-peak structures below the Fermi level. Here the double-peak structures stem from the d orbital electrons of the Cu and Ni atoms. The peak near 0 eV comes from the s orbital electrons of the atoms, whose energies are defined to be 0 eV when they approach infinity. We also can see that the width of the double peaks of the Ni and Cu atoms become wider and the height of the double peaks becomes lower after chemisorption. At the same time, the Fermi level moves to a higher energy. Comparing curve a in Fig.3(B) with that in (C), it is obvious that the double peaks of the Cu atom are located in lower energy positions. The full width at half maximum (FWHM) of the entire Cu atom double peaks is smaller than that of the Ni atom. This indicates that the d orbital electron of the Ni atom is more active than that of the Cu atom and this also reflects that the surface segregation of Cu in alloy Ni x Cu 1−x surface will decrease the surface energy and make the system more stable. Thus it provides a reasonable explanation of the segregation of Cu on the Ni x Cu 1−x surface. Comparing the double peaks of Ni d and Cu d electrons overlapping the peak of the s and p electrons of the N and O atoms in Fig.3(B) and (C), we can see that the covalent-bond interaction of the Ni d electron with the s and p electrons of the N and O atoms is stronger than that of the Cu d electron, hence the enriched Ni atoms in the surface layers restrain the segregation of the surface Cu atoms.
IV. CONCLUSION
In summary, atomic structural models were built of the Ni x Cu 1−x (x =0.4) disordered binary alloy for the cases whether surface segregation exists or not. Then models of the chemisorption of glycine on the alloy Ni x Cu 1−x surface were constructed and the electron structure and the environmental sensitive inlaid energy (E ses ) were calculated by computer. It was found that for the glycine chemisorption system, the chemisorption of glycine restrains the segregation of Cu on the alloy surface, and makes the TDOS of the alloy surface change greatly near the Fermi level. In addition, after the chemisorption of glycine, there are electron transfers and strong coupling between the glycine and the alloy surface. 
